
�� � �� �� �� �� �	 � 
� � � � �� � 
� ��� �� ��� �

� ��� ��  ! �" # $&% '(

) *+ ,- ./ 01 ,2 . +

) 3 4 45 6 4 - 27 4 + ,

) 3 4 - 48 09 ,8

) . + 1 9 0 8 2 . +

:



�� �� �� �� � �
	 � ��� � ��� ��

��� ��� � �� � ��� �� �� �

 !� "#$ % �� � &#' � �' � () �� * �  +�' , � � - .0/21 3 ,' � 3465 4 � �� #' # � � �#' 798 : ;< = > ?@A B <C A >

D5 +� � �� #' # � +� #' 7 8 E ;< = < @ ?A F C FA =

G ' �� � � �' # ,$ � + � #' 3 H = < IC J = K

DML +� H N �� # � �� #' OQP OSR T P TU1 ; = = < @V WX >Y < = R Z

[R �$ � &� � #' ,$ � + � # ' 3 H ;< < IC =A V < < K

\5 � � #' ,$ � + � #' 3 H ;< < IC < =V A F C < ? B

7 � +] � �� � H ;C I@ < IC J @ H

E ^#_ ' ] � ��� H H< I@ < IC J B H

: � � � �' * �] � ��� H H< I@ < IC J < = = H

` + � # � # ' , " �� !#' 3 7 7 E ;< < IC ?@ WA @ a V Y < =Qb :

c ' �� � � #' , " �� !#' 3 7 E E = < IC ?@ ?A F WX ?Y < = : :

< � � -ed < f = = = f = = = � - < ' � d < I< f = = = f = = = � � &#' ^ �

g ) � 8 G � � � ) � �' � � + �� � � &$ � # � GA

 # � � ^ � & � !� # ^ ��h i , 4j5 k D5 DlL 3d C < m f i , 45 k \5 G 3d F@ m f

i , D5 k \5 G 3d < = = m f i , DL k n n 3d ? ? m f i , \5 k [5 8 G o G p 3d < = = m1



� � � 	 �� � � � � �� �� �� � � � �� � � �  � � � �� � � � �� 	 �� � ��


 � �� !] � �� � � ^ � & � ! � # $ � *) � �� ] � ��� � � � � � ) �

_ � �� �' � �� � &� � #'

% �� � # # �� � � � �� ��� �    

�$ $ # " � �� � � ^ � �� # � H &) �' *�' * ^ � H

& � ! � �$ � # &) �' * � �$ � &� � � & &) �� * �

% # �� � ^ �' & � # � � �� # � H &) �' *�' *

' �� � � �$ &� � � �' � � ,�� ( % ( 3 �� + � � H

^� &� � ^ " ! � ) �# � ! # � � ) � � � � �A

�



% �_ � ) �# � ! f' #_ � ' #_ ' �� � ) �  � �' ^ �� ^ � # ^ �$ ,  � 3 f + � � ^� &� � ^

� � + + � �� � � #' # � � ( % ( ^ � & � ! � ,�A �A f 45 k D5 G8 G 3_ � � ) +�# � � � $ � � � # � �' �_

&) �� * � ;C .@ ] � �� � , &) ��� 3A

� �� � % ( # " � �� � � ^ �'

' �� � � �' # �' � �� � &� � #' �

� � ( � � %

' � � #� � #� � �� �

( ) ��� ] � ��� ^� � &# � H

�� � ^ � � � % �

�' ^  � � (A

b



� �� � � # � � # � ] � ��� ,@�� � * �' H

�� � � � # ' 3 ^� � &# � �� � ^ � � � % � �

� � � � � � � &# � �� ! # � � # + � � � % � �

Reconstructed Mass (GeV/c2)

Ev
ent

s/(1
0 G

eV
/c2 ) Top Mass (GeV/c2)

∆ln
(lik

elih
ood

)

0

1

2

3

4

5

6

80 100 120 140 160 180 200 220 240 260 280

-1

0

1

2

160 170 180 190

(a) (b)

0

8

(c)

0

2

4

6

100 200

E
ve

nt
s 

/ 
20

 G
eV

/c
2

Fitted Mass (GeV/c2)

(a)

0

2

4

6

100 200

(b)

�



g ) � � ^ * �' �� � � � #' _ � � ) � � a a � � � � O + �� H

� � � � 465 k D5 G8 G ^ � & � ! � � � � &#' ^ # � ^ ��A

� ( % ( # � 465 k D5 G8 G �'  �

i , 45 k D5 G8 G 3�� �� �	
 � 	 � �1

i , 45 k D5 G8 G 3d , =X B B� =X < < 3Y < = R :L

 � � # ' * �' � �� � &� � #' , � ( � 3

+ �� � # � 45 k D5 G8 G ^ � H

& � ! � � � �$ � � � ^ " ! � � # � +�' � #

� 5 k DL [5 G ^ � & � !A





�' � ) �  � � ) � ( 4 � � � � � � � � �$ � � �� � �� # � �' ^_ � �� �� * �' � � � � ��A �� �� � @ � @

� ' � � �� !� � � � � �h

�
�

- �
� � - �
� � - �	 �

- �
� 
 - �
� 
 - �	


- �
�� - �
�� - �	�

�
�

�
�

- � � - � 
 - ��

- � � - � 
 - ��

- 	 � - 	
 - 	�

�
�d �
�

< = =

= < =

= = <
�

�

g ) � � *� � �� F � �$ � � � #' � �] � �$ � # =A � # � � � �� +$ �h

� O T � �O	 ; � � T � ��	 ; � � T � ��	 d =

& �' " � ^ � �_ ' �' � ) � &# � +$ � � +$ �' � �� � � � � �' *$ � ,�
' � � �� � � ! � � � �' *$ � 3h

*
Vub Vud

*
Vtb  Vtd

*
Vcb Vcd

β
γ

α

η

�



�� �� � � 
 � � � � �� �� � � � �� � 
 �� � � � � � � � � � � � �� � � � � �

� � # & �� � � � + �� � � �' � �

i , 4j5 k D5 G8 G 3 � B W B I � ? > ?

i , 4 L � k DlL G8 G 3 4 � � � �

� ,	� k 
 .� 4 L ��� 3 � � � �� f � �$ $ �

� � � . � � T ( � � f � =

� ,� k 
 .� 4 L �� 3d � � � � H ^ � + �' ^ �' � ^ � & � ! � � � � � � !� � �� � !  �

� �' �� �� � � � � #' # � ( � � � #$ � � � #' A � � � . � � Td � � � � # # � �� � ��' * �� � �] � �' &� ��

# � ' �� � � �$ � � �� #' �A

( # � + �� � � #' # � i , 465 k D5 G8 G 3 f i , 4 L � k DL G8 G 3 �' ^ � �' C � + � # � � ^ �� � &$ � �'

�' ^ ^� � � &� &# � + �� � � #' # � ( � � � #$ � � � #' " ��_ � �' � ) � 4 �' ^ � � � &� # � �A

Z



�� �� �� � �� � �� �� 	 
� � � � � ��� 	 
� � � � � � � � �

� ��� ��� �� ��� ��� �  !" # � $ $ �% &' � (  ��) � $ *+ ,.- /1032 4 ," " 56 � 7 8:9� 6 ; $  < �  �  � ,.= + > ? 8 �@  (� ' � (  ��) �

� A BC DE FG H E I HJ DEK F B DE L J M ANO P E Q H Q Q HJ DE B GR

- /10S2 4 E J T2 C H Q DU C BV H

W ��� � X YZ W < �  � [ �% �\

T2 ] 02 0_^ + \" = � ` ` `T2 ] a2 b + \ c � ` � `T2 ] a2 b d + \+ + e ` ` �

T2 ] 0^ a2 b + \+ �" ` ` ` �

T2 ] 0^ f2 b + \+ g h ` ` ` �

T2 ] 02 0 > 0S2 + \+ e c � ` ` `

i [ �% �\kj l [ � % � #�  �� $ ;' ' ( � $ $ �� %

X / T2 ] 02 bnm b 4 l+ o+ + + + + + + + + + 5 5

p



��� � �� ��� �� 	
 � � � � ���  �� � �
 � � �� � 
 � � ��

%� # � � A� � ��� � A� � ��

-  /6 � 7 8 9 4 != g+ "= # e $ !" = = "" " # $

% �� ( $ = # # c� # 5 = # # e� # h

&  � ' ' �� T2 = o 5' = + () e o # ' = + ()

*� %� �� �  � $ = "

+� � [ & (� ; %� = o" " ,+ o" g + o= e ,+ o+ e

X / T2 ] 02 bnm b 4 -" " ' = + > (^ /= o e 52 (. /0>^ . 1 ) 4' = + > (^

23 2

4 5 4 67 6

8 9: ;< =:

A� � �> Y ?@ A A "+ g= h+ � /" + + " 4\

A� � � > ) � # �  �  #+ B *@ � $ � � # � �% ��

( � $ ;)  C (� # = # # c / Y@ D EF G "" = =

/" + + " 4 4 � %� = # # 5 /! �' � � @ H+ g+ �+ � g 4� �  � \
IJ > X / T2 ] 02 bnm b 4 l /+ o 5 5 ,+ o= = 4' = + > (^

K LMN OP P O Q K LR OS TUV W XY Z [\] ^`_] ] ] ab

cSd ef R d TN g hji hN k\ [\l \ _m b K LR OS TN g hji hN k\ m \n _ _n

(^



X / T2 ] 0S2 bnm b 4 l+ o 5 5' = + > (^ # �� % $ � % � � ;  � C�� = � �+ + + �+ + + �+ + + T2

� �� � � $  � 032 bnm b \ &� � � % � ��  � #� [ �  ( �) ) �� % $ /= + () 4 � C T2 \

� ! �� � & /� )  � ( %�  � % & � (� � � � %  & � % � ! (�  (� % 4 �� % � � � �) � (�  �� %� �@  (� �  �

� �� # � C� c+ ' = + () ' (�  � % $�  � # � # � %  ; # � C" g � � 7 H � � < � (� � "

$ �� � %� �%  � (< � ) / i $' �) ) j 4 �< � ( � e $ �� � %� $\ � ! �' (�  � % $� ( �� � ( ��  �� � %  � �

� G B DE J � V D BC 	 H D� %� ) �  $ � C' � (  ��) � $� ( �' (�� ; � �� � # � % &  ! � # 02 � %�

T2 \
� ! �' � (  ��) � $' (�� ; � �� % �� (+ 
� ( �� � ( ��  �� � %  �  ! �@ � � � % � ( & � & �' � (�  ��

+ �� #) �% � /@ � & + Z Z Z 4� ! �� ! ' ; ( �� � $  ! � � �� # � � �) ��  (� $  �  ��� ) ) �

$ �' � (�  �% &  ! � T2 C (� #  ! � 02 � %� C� � ; $ $ � $  ! � # � %  �  ! � � # g #  � ( & �  \

� ! � � �� # � % � �� � %  � %  ! � � # g #  � ( & �  � � %  � �% $ C� ; ( T2 C� ( �< � ( � 02 � %�

� $  ! �' ; ( � $  [� � % � �� # �%  ! �� � () � \ � ' ' (� @ � #�  �) � � o e' = +  T2 $  � ' �%

 ! � � # g #  � ( & �  � ; ( �% & �� � ! $' �) ) \
( (



�� �� � 	 �� � �� �
	 � � 	 � � � 	  �� � � � � � � �� �� �

()



�� � � �� �� � � � �
	 � �� � 	 �  �� � � � � � � �� �� �

( ?



X / T2 ] 0S2 bnm b 4 l+ o 5 5' = + > (^ # �� % $ � % � � ;  � C�� = � �+ + + �+ + + �+ + + T2

� �� � � $  � 032 bnm b \ &� � � % � ��  � #� [ �  ( �) ) �� % $ /= + () 4 � C T2 \

� ! �� � & /� )  � ( %�  � % & � (� � � � %  & � % � ! (�  (� % 4 �� % � � � �) � (�  �� %� �@  (� �  �

� �� # � C� c+ ' = + () ' (�  � % $�  � # � # � %  ; # � C" g � � 7 H � � < � (� � "

$ �� � %� �%  � (< � ) / i $' �) ) j 4 �< � ( � e $ �� � %� $\ � ! �' (�  � % $� ( �� � ( ��  �� � %  � �

' ) �  �% ; #  � ( & �  � %� ) �  $ � C' � (  ��) � $� ( �' (�� ; � �� � # � % &  ! � # 02 � %�

T2 \
�� H � BC D E FG H Q � C L I � F H I J H B C + 
 B C H I E C H F D H I E J D L D� H � L� � J HC 	�

I H � BC B D H I D H BV G E J H M � � I D N N N P � � E F� � � C EK H Q D� H� H BV � �

H G H F DC L Q D B D E F B G G � Q H � B C B D E J 	 D� H T2 U C L V D� H 032 B J I U L F � Q Q H Q

D� HV L J D L D� H � �� � D BC 	 H DR

� ! � � �� # � % � �� � %  � %  ! � � # g #  � ( & �  � � %  � �% $ C� ; ( T2 C� ( �< � ( � 0S2 � %�

� $  ! �' ; ( � $  [� � % � �� # �%  ! �� � () � \ � ' ' (� @ � #�  �) � � o e' = +  T2 $  � ' �%

 ! � � # g #  � ( & �  � ; ( �% & �� � ! $' �) ) \
(	



(0



( 



X / T2 ] 0S2 bnm b 4 l+ o 5 5' = + > (^ # �� % $ � % � � ;  � C�� = � �+ + + �+ + + �+ + + T2

� �� � � $  � 032 bnm b \ &� � � % � ��  � #� [ �  ( �) ) �� % $ /= + () 4 � C T2 \

� ! �� � & /� )  � ( %�  � % & � (� � � � %  & � % � ! (�  (� % 4 �� % � � � �) � (�  �� %� �@  (� �  �

� �� # � C� c+ ' = + () ' (�  � % $�  � # � # � %  ; # � C" g � � 7 H � � < � (� � "

$ �� � %� �%  � (< � ) / i $' �) ) j 4 �< � ( � e $ �� � %� $\ � ! �' (�  � % $� ( �� � ( ��  �� � %  � �

' ) �  �% ; #  � ( & �  � %� ) �  $ � C' � (  ��) � $� ( �' (�� ; � �� � # � % &  ! � # 02 � %�

T2 \
� ! �' � (  ��) � $' (�� ; � �� % �� (+ 
� ( �� � ( ��  �� � %  �  ! �@ � � � % � ( & � & �' � (�  ��

+ �� #) �% � /@ � & + Z Z Z 4� ! �� ! ' ; ( �� � $  ! � � �� # � � �) ��  (� $  �  ��� ) ) �

$ �' � (�  �% &  ! � T2 C (� #  ! � 02 � %� C� � ; $ $ � $  ! � # � %  �  ! � � # g #  � ( & �  \

� ! � � �� # � % � �� � %  � %  ! � � �� �  � ( & �  � � %  � � % $ C� ; ( T2 C� ( �< � ( � 02 � %�

� $  ! �' ; ( � $  [� � % � �� # �%  ! �� � () � \ � ' ' (� @ � #�  �) � � o e' = +  T2 $  � ' �%

 ! � � # g #  � ( & �  � ; ( �% & �� � ! $' �) ) \
( /



( 1



 �� � � �� � � � � � � � � � �

� c+ ' ! � $ �� � $  $ "= c �% $  �  ;  � $ C (� # *� %� � � "�� � ' � % " ? ; $ $ �� � %�  ! � � & \

�� � � �� 	 
 	� � 
� ��� � �� � � �� �� � �� � � ��� � � � 
 
�� � �� ��� � �� � � �  � � � ! �"� # � � � � � � � �� �� � ��$ � �� � � � � � � � � �&% � ' � �� � � ��(*) +� ' � 	� � , ! � ( � ) �� ' �� 	 
 � 	 - 	 ! �.� % � ' � � / ���0 ��1 � � � $ 	 2 � � ! �&3 � % � 4� � � � ! ��5 � 4  6 	 2 � � �� 7 �&3 � +  � � � �� .� (  � 
 � � 	� � �$ � "� 3 �8 � ! � % � � �9 �0 �&% � +� � � � � �� � ! � 1 � 1 � � � �9 	9  � � 	� � � ��: � � � � � 6� � � 
 � � �.� � 	 �� � 	� ,� ��1 � � �9 � � � 
 � 	0 �5 � � � � � � � � 
  9 � � �0 � �� � �� � � �� � ��� .� � �; � � � 	� � � ��<  � =� �  - �� � �� � �� �  
 �� 	� �� � �0 ��> � =� > � � - 
9 �� , � �� � > � 2 	 
� � � � � � � > 	 ! ��> � % � > 	 � � �� 9 �� , ! �3 � �� 1 � � - �� �� -� � �3 � 1 	� - �� 9 �� , �� � � �?� � � 1 	� � � � � 1 � 1 	 � � 6 	� ��@ � � � 1 	; �  � � 	� 7 � � � �� 1  � � 	� � �: � 1  � � � � � 
  � 7 �5 � : � � � � �� 0 � 1 � : � � � � � 	� ! ��5 � : � �  � �� 7 ��5 � :  � � �� � � �� 4� ?9 � � ; � 
 � � �

� � ? � � � �0 �$ � ( � . � � �� � � � � � �&% � � � . � �� �� � � � �&A � . �  � 	 
 
 �  � � � "� 3 � A � � 9 �� ,0 �=� A � -� 	� , �� ! �5 � % � � �0 �5 � % � � 	 ,  � � 	0 �5 � % � 	� � � 2 � A � '� % �� � � - ! �% � %  , 	� � � �0 �< � 5 � � � , � 2 �B@ � A � 5 
� � 	� � � � �0 ��5 � 5 
  � � � 	0 �$ � �� � �  	� � � �� � � 	� �� ! �: � � � < �� 
 � � � ��< � < � 
 � 	�  � �0 � � - 5 � < � 
 � 	 � � �0

_C D gE FR gG f R H LI O FfJ d M K gL g OR MN TM E d N gR Ld F O f GP P I gR F O Tn C M E d N gR Ld F O f G K R d Fd LN D f P LJ I d O T [C K R f fQ N O N gEU O Fd f E O PR OI f R O Ff R O ^ K U R a Tm CS gRJ d U O Fd f E O PP M M gP gR O Ff R R OI f R O Ff R O ^S UP R a TT C S LQ Ld M E d N gR Ld F O TU CcE L Fd F L F gG f RV d WN X E gR W OV N O Ld M L ^ cV XV a Tl C cE L Fd F L F gG f R U LM P g OR K g L g OR MN ^ cU K a TY C V d WN X E gR W OP M M gP gR O Ff R K gL g OR MN Z R W O E d[ O Fd f E ^]\ X \ a T] C ^ O h O EP FfJ d M X E gR W O K g L g OR MN cE L Fd F L F g ^ ^P X K c a T _ \ C \ Of FfM E d N gR Ld F O T _ _ C U O Fd f E O P_ gG gE L gP M O e gJ O f G ^ O h O E T _n C M E d N gR Ld F O f G U g`a gb d M f ^M Ua a T _ [C Z L OQ OM E d N gR Ld F O T _m C K g L g OR MN D gE F gR G f R U LM P g ORV N O Ld M L ^ K D UV a T Z L OQ O M E d N gR Ld F O T _ T C H Ff E O K R f fQ M E d N gR Ld F OO E e _ U Cc K cMa S

( d



 �� � 	 � � 	 � �� 	 � � �� � 	 � � ��

� � �� � � 	 
 �� ��� �� ��

� ��� � �� �� �� �� �� � � 	 �!  " 	�

� # ! �� ! �$ 	! ��% � �& �  �'� ( 	 �! )

� � 	! �*  	+ �� (  �& � �, ! - � 	 

� � 	! �*  	  ! � " 	 . ! � ( 	 � 	 " )0/

�� �!  " 	� ! � (  ! � " 	 ��! �1 243 � 5

� ��� �76 � ��  ! � " 	 ��! �1

� 8 � � 	 9 	6 � : ;� : <� � � 3 �

� 
 	�� �, � � � � � = �, !  " 	 ( �  ! �1 �

� > �? @BA C D0E �F � F F �G �H G IE �J K

� � �L G M

K  Beam

Barrel
Veto

T

BVL
Range

RSSC
Endcap

Stack

Collar

DPV

(a)

+

Drift Chamber
I

TargetB4BeO
UPVC

AD

Collar

Barrel

Range Stack

Drift
ChamberVeto

Target
I

T

(b)

RSSC

BVL

50 cm
N O



N�



� �� � � � � �� �� �� �	
 � � � � ��

� � �� � � 	 
 �� �� � 	! -

� �G I C �� L MH L G �� � � E G �E K

D� G
� # ! �� ! �$ 	! ��% � �& �  �� ( 	 �! )

� � 	! �*  	+ �� (  �& � �, ! - � 	 

� � 	! �*  	  ! � " 	 . ! � ( 	 � 	 " )0/

�� �!  " 	� ! � (  ! � " 	 ��! �1 243 � 5

� ��� �76 � ��  ! � " 	 ��! �1

� 8 � � 	 9 	6 � : ;� : <� � � 3 �

� 
 	�� �, � � � � � = �, !  " 	 ( �  ! �1 �

� > �? �BA C D0E �F � F F �G �H G IE �J K

� � �L G M

K  Beam

Barrel
Veto

T

BVL
Range

RSSC
Endcap

Stack

Collar

DPV

(a)

+

Drift Chamber
I

TargetB4BeO
UPVC

AD

Collar

Barrel

Range Stack

Drift
ChamberVeto

Target
I

T

(b)

RSSC

BVL

50 cm
N N



N �



� �� � � � � �� �� �� �	
 � � � � ��

� � �� � � 	 
 �� �� � 	! -

� ��� � �� �� �� �� �� � � 	 �!  " 	�

� � � G �G J � � MG �L M� IE �'�

F �H � �
� � 	! �*  	+ �� (  �& � �, ! - � 	 

� � 	! �*  	  ! � " 	 . ! � ( 	 � 	 " )0/

�� �!  " 	� ! � (  ! � " 	 ��! �1 243 � 5

� ��� �76 � ��  ! � " 	 ��! �1

� 8 � � 	 9 	6 � : ;� : <� � � 3 �

� 
 	�� �, � � � � � = �, !  " 	 ( �  ! �1 �

� > �? �BA C D0E �F � F F �G �H G IE �J K

� � �L G M

K  Beam

Barrel
Veto

T

BVL
Range

RSSC
Endcap

Stack

Collar

DPV

(a)

+

Drift Chamber
I

TargetB4BeO
UPVC

AD

Collar

Barrel

Range Stack

Drift
ChamberVeto

Target
I

T

(b)

RSSC

BVL

50 cm
N�



N �



� �� � � � � �� �� �� �	
 � � � � ��

� � �� � � 	 
 �� �� � 	! -

� ��� � �� �� �� �� �� � � 	 �!  " 	�

� # ! �� ! �$ 	! ��% � �& �  �'� ( 	 �! )

� � � � MA E � � I � �L G A � + L

F E � G H � �� �� E

� � 	! �*  	  ! � " 	 . ! � ( 	 � 	 " )0/

�� �!  " 	� ! � (  ! � " 	 ��! �1 243 � 5

� ��� �76 � ��  ! � " 	 ��! �1

� 8 � � 	 9 	6 � : ;� : <� � � 3 �

� 
 	�� �, � � � � � = �, !  " 	 ( �  ! �1 �

� > �? �BA C D0E �F � F F �G �H G IE �J K

� � �L G M

K  Beam

Barrel
Veto

T

BVL
Range

RSSC
Endcap

Stack

Collar

DPV

(a)

+

Drift Chamber
I

TargetB4BeO
UPVC

AD

Collar

Barrel

Range Stack

Drift
ChamberVeto

Target
I

T

(b)

RSSC

BVL

50 cm
N �



� �� � � � � �� �� �� �	
 � � � � ��

� � �� � � 	 
 �� �� � 	! -

� ��� � �� �� �� �� �� � � 	 �!  " 	�

� # ! �� ! �$ 	! ��% � �& �  �'� ( 	 �! )

� � 	! �*  	+ �� (  �& � �, ! - � 	 

� � � � MA E � E �L D� . �L F �L K

� E D � / L G �E D� G �L F E �L D�

MG �H � ��� � �

� ��� �76 � ��  ! � " 	 ��! �1

� 8 � � 	 9 	6 � : ;� : <� � � 3 �

� 
 	�� �, � � � � � = �, !  " 	 ( �  ! �1 �

� > �? �BA C D0E �F � F F �G �H G IE �J K

� � �L G M

K  Beam

Barrel
Veto

T

BVL
Range

RSSC
Endcap

Stack

Collar

DPV

(a)

+

Drift Chamber
I

TargetB4BeO
UPVC

AD

Collar

Barrel

Range Stack

Drift
ChamberVeto

Target
I

T

(b)

RSSC

BVL

50 cm
N �



N �



� �� � � � � �� �� �� �	
 � � � � ��

� � �� � � 	 
 �� �� � 	! -

� ��� � �� �� �� �� �� � � 	 �!  " 	�

� # ! �� ! �$ 	! ��% � �& �  �'� ( 	 �! )

� � 	! �*  	+ �� (  �& � �, ! - � 	 

� � 	! �*  	  ! � " 	 . ! � ( 	 � 	 " )0/

�� �!  " 	� ! � (  ! � " 	 ��! �1 243 � 5

� �G I C 6 � L E �L D� MG �H �

� � � M� E �� 6 � : ;� : <� L

� �
� 
 	�� �, � � � � � = �, !  " 	 ( �  ! �1 �

� > �? �BA C D0E �F � F F �G �H G IE �J K

� � �L G M

K  Beam

Barrel
Veto

T

BVL
Range

RSSC
Endcap

Stack

Collar

DPV

(a)

+

Drift Chamber
I

TargetB4BeO
UPVC

AD

Collar

Barrel

Range Stack

Drift
ChamberVeto

Target
I

T

(b)

RSSC

BVL

50 cm
N �



�� �� � �� � �� � ��� � �	� � 
�

� �! - �$ 	 � *$ � 	, 	 � ", � 	 9 	 )

% � � & �  % ; � 2�� � � �� ��

; � 5
� 6 � ��� � � � �  ! � " 	 ��! �1

�� �� � �$ $ ! � �  2% � - �$ ! ) 	 5

�6 � : ;� � =/ ��� �� � � 	 
 =

. � � � - - =�� � � % �� � � �

� ;� : <� � ��� � � =/ �� � � 	 
 =

� ��� % �% � ; �

!$ � � �" ! *$ � 	 , 	 � ", � 2� ��

% � � 5$#% � � - 	 2'& � � ��  � � � � 5

� O



� �� � � � � �� �� �� �	
 � � �� ��

� � �� � � 	 
 �� �� � 	! -

� ��� � �� �� �� �� �� � � 	 �!  " 	�

� # ! �� ! �$ 	! ��% � �& �  �'� ( 	 �! )

� � 	! �*  	+ �� (  �& � �, ! - � 	 

� � 	! �*  	  ! � " 	 . ! � ( 	 � 	 " )0/

�� �!  " 	� ! � (  ! � " 	 ��! �1 243 � 5

� ��� �76 � ��  ! � " 	 ��! �1

� 8 � � 	 9 	6 � : ;� : <� � � 3 �

� � � G I C � IG IL M � H � �E D� F

G E �H � M
� > �? �BA C D0E �F � F F �G �H G IE �J K

� � �L G M

K  Beam

Barrel
Veto

T

BVL
Range

RSSC
Endcap

Stack

Collar

DPV

(a)

+

Drift Chamber
I

TargetB4BeO
UPVC

AD

Collar

Barrel

Range Stack

Drift
ChamberVeto

Target
I

T

(b)

RSSC

BVL

50 cm
� �



� N



� �� � � �	 � � � � � � � � � � � 	 �	 �	 � �� �

� � � � 	 � � � � � � �� ��

	 
 ��  � � �� �� � � � � �� ��

� ��
	 �� � � �� � ��� �� �� � � � � ���

� � � � !

	 �� � � �� � � � " �#  � $ "� � � �

� $ ! �  � �% & � � �

	 ' $� � � "�  � " � "(  % � ! � & 

� �) � * "� � � � $ $ �  � � � �� �

� � � �

+ � � � � � �� 	
 �� � � � � �

,- � � % % � & � ! � " � � �� -

. - / � � � � � (  "� � �� � � & � -

0 - 1 2 � % � � � � �� "� � �  � "� "�

� � � �-

� �



� �� � � � � � � 	� � � � � � � � � � � � � �

� - ��� � 9� ( �, �� �� 9� � � , � � - � � 	 
 &

	� )��
 	 � * � � " �� 
1 �� � * � ( � � � �H G  IL � �

� �* � 
� 	 �� � �� � : 6 � � � � � 	 ��� � �

�H H � CG �L H � � �� � , � �, �� �� 9� � �


� � � �� � �� � � � � �  �  �

! "# � � � � � � � � $� 
� 	 �� � � � �% 	&

� � �& > >' � 
 
� � � � � 
� � � � � ( )*

! � ( % �� � � 
 
� � � � � 
� 	� �  �  

+ 	�, �� % � � � $� 
� 	 � � � � � �� � �

Total Acceptance

T
ot

al
 R

ej
ec

ti
on

 F
ac

to
r

10 5

10 6

10 7

0.3 0.4 0.5 0.6 0.7 0.8 0.9

� �



�� � �� � �� � �� �� �
	 �	 	 � � �� � �

� � ��� � �� � � � �� � �� � � � � � � �� � � �� �� �� � �  �� � � �  !

� " � � ��� � � � � � 
, �� 
# �� � � � � � � � � 
� + 	 $, � $ �� � � $ $ + � 	� � � � � � � � � $ 
� $ ��

� % � 
# �� � � � � � 
� � � � $ � � � � � 	� � � & � 	% � �� $� �' % � � �� � � + 	 $, �� $� � &

	� (� � $ 	� � 
 � $ � � � � % � � �� � 	� � � � $� 
 $ 	 �� $� # 	� � � � & ) �% � � � * 
 �� � � �� $ 	 �� �

	� $ � � 
 
 � � � $�

� + � � ( � 	 � � 	� � , �� $ 
 � $ � � � 	� �.- /10 � � �� $� , $, � � % � � �� � � �� 
# �� � � � � �

+ 	 $, � � % � 	� 	� � " /10 �� % 2 � 34

� 5 367 8 &:9 ;< # = 6 >? @ � 3A $7 % ; $ 3A 9 &CB > > A 3 @7 @ = < ? $A ; @ D < >% 2 ; 67 @ =

>9 A 36 ( 3 D ; @ D 2 6 3 D7 < $ 3 D 6 ; $ 3A 4

� E A 3F G $ >H 3 ; A ? 6 3 = 3 >H 3 $67 < ;B ;< < 3 2 $ ; @ < 3 8 > 6 I
J K LJ MON M 4 5 3 67 8 &9 &

H 3 ; A ? 67 @ =:P ) IQJ K LJ LSR *4

� T %B 7 @ DVU ; @ ;B & A 7 A 4 W > @YX $ 3Z ;H 7 @ 3 A 7 = @ ;B 6 3 =7 > @ ? @ $7 B ;B B 9 ;< # = 6 >? @ D A

( 36 7 [ 3 D 4

\]



� � � �� � �� � � �� � �  �� � �  � � � 	

	 6 > < 3A A 
 ; $ 3

IJ K LJ MON M ��  � - ��� �R

IJ K LJ LR �- - 0 � � � � � � � � � � - ��� �R

IJ K �J M � 0� 0 � � � � � � � � � � - ��� �R

IJ K �J M � � � � � � � � � � � � � - ��� �R

IJ K LR �J M 0 �  � � � � � � � � � � - ��� �R

G� � � � � � � � � � � � - ��� �R

" < ; $ $ 3 6 3 D LJ 9 3 ;H � � � � � � � � � � � � � - ��� �R

LJ � � � �� �� � �� I
J � �  � � � � �

G� � ) IQJ ! K I R " *� ) I R K I R # *� ) I R # K LJ $� M *

$� 7 A � � > 6 %�

IJ ! K I R " 6 ; $ 37 A 3H 27 67 < ;B B & D 3 $ 36 H 7 @ 3 D 4

\&



�� � �� � �� � �� �� �
	 �	 	 � � �� � �

� � 2 6 7 > 6 7 7 D 3 @ $7 [ < ; $7 > @ > 89 ;< # = 6 >? @ D A >? 6 < 3 A 4

� � � � ��� �   � � �� � � �� �� �� � �  �� � � �	 � �� � �
 � �  � �	 �

�� � � � �� � �� � �� �  !

� % ;< # = 6 > ? @ D A < ; @ @ > $9 3 6 3B 7 ;9 B & A 7 H ? B ; $ 3 D' H 3 ; A ? 6 3� 7 $� D ; $ ;9 &

7 @ ( 3 6 $7 @ = < ? $A ; @ D H 3 ; A ? 67 @ = 6 3  3< $7 > @ $ ; # 7 @ = ; @ & )A H ;B B * < > 6 6 3B ; $7 > @ A

7 @ $ > ;< < > ? @ $4

� + > ; ( >7 D 9 7 ; A , A 3 $ < ? $A ? A 7 @ =.- /10 > 8 D ; $ ; , $� 3 @ H 3 ; A ? 6 39 ;< # = 6 >? @ D A

� 7 $� 6 3H ;7 @7 @ = � /10 A ;H 2B 34

� 5 367 8 &:9 ;< # = 6 >? @ D 3A $7 H ; $ 3A 9 &CB > > A 3 @7 @ = < ? $A ; @ D < >H 2 ; 67 @ =

>9 A 36 ( 3 D ; @ D 2 6 3 D7 < $ 3 D 6 ; $ 3A 4

� E A 3F G $ >H 3 ; A ? 6 3 = 3 >H 3 $67 < ;B ;< < 3 2 $ ; @ < 3 8 > 6 IQJ K LJ MON M 4 5 3 67 8 &9 &

H 3 ; A ? 67 @ =:P ) I
J K LJ LR *4

� T %B 7 @ DVU ; @ ;B & A 7 A 4 W > @YX $ 3Z ;H 7 @ 3 A 7 = @ ;B 6 3 =7 > @ ? @ $7 B ;B B 9 ;< # = 6 >? @ D A

( 36 7 [ 3 D 4

\�



� �� � ��� �� 	 
 �� � � �  � �� � 	

" ? 2 2 6 3A 7 > @ H 3 $� > D

" >? 6 < 3 I7 @ 3H ; $7 < A 	 ; 6 $7 < B 3� W 5 3 $ > +7 H 7 @ =

IJ K �J M ) � * ) I ��� * � � ) � *

IJ K LJ LR ) I �� * � �

" < ; $ $ 3 6 3 D LJ 9 3 ;H � �

G� � � �

G� � IJ ! K � R � , � R � K LJ $� M

	 ; 6 $7 < B 3� W 7 @ < B ? D 3 A 9 3 ;H G � 36 3 @ # > ( ,�� � �� � ; @ D L K � K % D 3 $ 3< $7 > @

5 3 $ >7 @ < B ? D 3A 9 > $� 2 � > $ > @ ; @ D < � ; 6 = 3 D 2 ; 6 $7 < B 3 ( 3 $ >7 @ =

\�



�� � �� � �� � �� �� �
	 �	 	 � � �� � �

� � 2 6 7 > 6 7 7 D 3 @ $7 [ < ; $7 > @ > 89 ;< # = 6 >? @ D A >? 6 < 3 A 4

� " ? 2 2 6 3A A 3 ;< � 9 ;< # = 6 >? @ D A > ? 6 < 3� 7 $� ; $B 3 ; A $ $� >7 @ D 3 2 3 @ D 3 @ $ < ? $A 4

� � � �� �� �� � �  � � � � � � � � � �
 � � �
 �  � � � 
 � � � �� � � �  � � � 	 � ��

� � � � � � �� � �� � �� � �� �  � � � � � �  � � �� � � � � � � � � � � � � � �� � � � �

�  � �
 
 � � �� � �
 � � � � �  �� � � � � � �� � � !

� + > ; ( >7 D 9 7 ; A , A 3 $ < ? $A ? A 7 @ =.- /10 > 8 D ; $ ; , $� 3 @ H 3 ; A ? 6 39 ;< # = 6 >? @ D A

� 7 $� 6 3H ;7 @7 @ = � /10 A ;H 2B 34

� 5 367 8 &:9 ;< # = 6 >? @ D 3A $7 H ; $ 3A 9 &CB > > A 3 @7 @ = < ? $A ; @ D < >H 2 ; 67 @ =

>9 A 36 ( 3 D ; @ D 2 6 3 D7 < $ 3 D 6 ; $ 3A 4

� E A 3F G $ >H 3 ; A ? 6 3 = 3 >H 3 $67 < ;B ;< < 3 2 $ ; @ < 3 8 > 6 I
J K LJ MON M 4 5 3 67 8 &9 &

H 3 ; A ? 67 @ =:P ) IQJ K LJ LSR *4

� T %B 7 @ DVU ; @ ;B & A 7 A 4 W > @YX $ 3Z ;H 7 @ 3 A 7 = @ ;B 6 3 =7 > @ ? @ $7 B ;B B 9 ;< # = 6 >? @ D A

( 36 7 [ 3 D 4

\�



�� �� ��� � ��� 	 
� 
��  �� � ��� � � 	 
 �  � �� � � 	

28

30

32

34

36

38

40

42

44

95 100 105 110 115 120 125 130 135 140

E (MeV)

R
 (c

m
)

1

10

10 2

10 3

190 195 200 205 210 215 220

P (MeV/c)

���� �� �� � � �� ��

32

34

36

38

40

42

44

200 205 210 215 220 225 230 235 240 245 250

P (MeV/c)

R
 (c

m
)

��� ���  ! "# $%  & $' ' (*) "' " &% "+ � , -. ,. / 0  %1 21 > % > ! 3 "% > $ 2 2 '  "+451 > % > ! 3 "% >67 ( 2  & $' ' (98 : ; !) %  # " 0  ! + > 0) $ ! + <4 8 : => " ? " ! "@ A (%1 @ ") 1 > ' + )
BC D9E �� F "' " &% 21 > % > !) 4 51 $) ") 2 $ & " &G %)  ! 5 HJI HLK 4

M /



�� � �� � �� � �� �� �
	 �	 	 � � �� � �

� � 2 @  > @   + " ! %  � & $ %  > ! >� � $ &� A @ > G ! + ) > G @ & ") 4

� F G 2 2 @ ") ) " $ &1 � $ & � A @ > G ! + ) > G @ & " 0  % 1 $% ' " $) % % 0 >  ! + " 2 " ! + " ! % &G %) 4

� � $ & � A @ > G ! + ) & $ ! ! > % � " @ "'  $ � ' (*)  # G ' $% " + 6 # " $) G @ " 0  % 1 + $% $ � ( ! 3 " @ %  ! A & G %) $ ! + # " $) G @  ! A @ " � " &%  > ! % $ �  ! A $ ! ( �) # $ ' ' � & > @ @ "' $%  > !) ! % > $ & & > G ! %4

� � �� � �C � �C �  !  � �" # �  #  C $ D % &(' � � �� �� ! �E � $ ) ��  #* �

�� " + D* � # $ �  , C �E * � )� C $C $ D.- & '  � ) /10 �2

� 3 �* C � 4 �� " + D* � # $ � �  �C )� � �  � 4 0 � �  � $C $ D " # �  � $ �

" � ) /� * C $ D � �  �* � � � � $ � / * � �C " � � � * � � �  2

� 5) "> 6 %7 # " $) G @ " A "7 # "% @  & $' $ & & " 2 % $ ! & " �7 @� , -. , 8:9 84 ? " @  � ( � (# " $) G @  ! A<; �� , -. ,. / �4

�>= � '  ! +@? $ ! $' ()  ) 4 A7 !CB % "D $ #  ! ")  A ! $' @ " A  7 ! G ! %  ' $' ' � $ &� A @7 G ! + )3 "@  � " +4

ME



�� ��� ��� �	 
 � � � � � � ��� � �� � � � � � 	  ��

� ��� �� � � ��� � �� � �� ��  ! � " �� �# � $% � � $ �� � � �� �& # � �

�� ��' & �� �� ( �� �& $ � )� % *� � ) � �� +, $ � )� % * - �.0/ 1

2 � *% . �# � � � � �& # � �� � � ��� � �� - 354 ! 67 8 �� 9 *% � ) �� � � ) � ��

$ " �# *& "% : � ! 64 -% �; )� �# � & �< $ � )� % * - �. 7

= . % ( � * �> ? �� @BA C DA DFE -% �; )� �# � & 9 $ � (# *� % � � �# $ * 3 * � � $ ��

� " �� �� : �� � +HG I 1% � & ; �� � ( % � �� + @J 8 1 �# � $ �% � " - 354 ! 67

= . � ��� ! 64 ! 6LK ! 6 6� � ( � $ ( �� � -% �; )� �# � & � "% � � "% � �< � " �

$ � )� % * - �. 7

MM



�� � ��� � �� � 	
 � �� � � � � � �� 	� � �  � � �� � � � � � �� � � �   �� � �� � � � � � �� � 

5 ?� � �� � <� � < 8 <� 8 < 8 <� ; < ; <� ; < ; <� � < <

� � M � �) " @ 3 " + = � � 8 8 ; =

5 @ " +  &% " + �� � � � � �8 � � = �� � �8 � �

7 A� � �� � <� � < 8 <� 8 < ; <� ; <  <� ; < �8 <� ; <

� ! M � �) " @ 3 " + < � �8 � � 8 ;

5 @ " +  &% " + < � = ; �� � � � � � � � ; 8 ��  

7 A� � �� � <� � < 8 <� 8 < ; <� 8 <  <� 8 <  <� � <

� !#" � �) " @ 3 " + � � � ; � �

5 @ " +  &% " + < � = � �� = = �8 ; �8 � < � �

� � M $� , -. ,. / %� ! M $� , - & , 8 %

� !#" $� , - & , 8 ' H� , -. / & , 8 $ ! + � , -. ,. / 0  % 1 . , - & , 8+ " & $ (  ! (  A1 %

7 A $. - & - )  + " ! %  � & $%  7 ! H 5 ? $ 51 7 % 7 ! ? "%7 @ " �4 H� �� $ �  ! "# $%  & @ " �4

* � + $ @ "+ G &%  7 !  ! @ " � " &%  7 ! 0  % 1 @ ") 2 " &% %7 )  A ! $' @ " A  7 !M ,



�� � ��� � �� � 	
 � �� � � � � � �� 	� � �  � � �� � � � � � �� � � �   �� � �� � � � � � �� � 

� G $ ! %  � ( &7 !)  ) % " ! & ( 6 �  % + �� ��� � + �
	 �� $ ! + "D 2 " &% � � �4

� $ & � A @7 G ! + �  M 5 @7 � $ �  '  % ( 7 7 % $' � $ &� A @7 G ! +

� � M < �  ; , /� E M� /� E E <4 � � < �8 � �� < � <8 =

� ! M � � � ; , /� M �� /� M E <4 � � < � < � � � < � < < ;

� !#" � � < � , /� , �� /� M � <4 � < < � <8 � � < � < � <

A " 3  $%  7 ! 7 � � � @7 # G !  % (  ) % $ � " !  ! %7 $ & &7 G ! %  ! " 3 $' G $%  7 ! 7 �

; �� , -. , 8:9 8 �

� " $ # $ ! + 6 K � � $ &� A @7 G ! +  ) < � < � � � < � < < =

7 1 " & $' & G ' $ % "+ ! G # � " @ 7 � � $ &� A @7 G ! + " 3 " ! %)  ! %1 ")  A ! $' @ " A  7 !  )< � = <� < � < = � @7 # $' ' � $ & � A @7 G ! + ) 7 G @ & ") 4
M M



�� � �� � �� � �� �� �
	 �	 	 � � �� � �

� � 2 @  7 @   + " ! %  � & $ %  7 ! 7 � � $ &� A @7 G ! + ) 7 G @ & ") 4

� F G 2 2 @ ") ) " $ &1 � $ & � A @7 G ! + ) 7 G @ & " 0  % 1 $% ' " $) % % 07  ! + " 2 " ! + " ! % &G %) 4

� � $ & � A @7 G ! + ) & $ ! !7 % � " @ "'  $ � ' (*)  # G ' $% " + 6 # " $) G @ " 0  % 1 + $% $ � ( ! 3 " @ %  ! A & G %) $ ! + # " $) G @  ! A @ " � " &%  7 ! % $ �  ! A $ ! ( �) # $ ' ' � &7 @ @ "' $%  7 !) ! % 7 $ & &7 G ! %4

�7 7 $ 37  + �  $) H) "% & G %) G )  ! A � � =7 � + $% $ H %1 " ! # " $) G @ " � $ &� A @7 G ! + )0  %1 @ " # $  !  ! A8 � =) $ # 2 ' "4

� ? "@  � ( � $ &� A @7 G ! + ") %  # $% ") � ( '7 7 ) " !  ! A &G %) $ ! + &7 # 2 $ @  ! A

7 �) "@ 3 "+ $ ! + 2 @ "+  &% "+ @ $% ") 4

� �  �� � � � ) ��  #* � D � � ) � �* C " � 0 � " " � / �� $" � � �* � , -. , 8:9 8 2

3 �* C � 4 � 4 ) ��  #* C $ D ; �� , -. ,. / �� < �8 � ; � < � < < ;2

� �* 0 � � � �* � D � �� 0 # � C  < �8 � � = � < � < < � �2

�>= � '  ! +@? $ ! $' ()  ) 4 A7 !CB % "D $ #  ! ")  A ! $' @ " A  7 ! G ! %  ' $' ' � $ &� A @7 G ! + )3 "@  � " +4 M �



� �� � �� ��� �� 	
 �� � ���� � �� � �� 	 � ���

�� � �� �� ��� � � !"# $% &'() � '( !# ) % '* ! $ & ��% �% +( �� +%

, � -( .( $% &( �# � + �% �( !# ( # ' ! � % + + & �# $ � � +� " + � '% � ��� � � !"# $ /10 2 3

�# $ &( �# � + �� � % 4 ' �# � % /15 2 376 !� % �� * � % + +� �8 �) 4 +% 9: ( �* '% #

; < � " ' ' ! &% +% � ' &" � �% �( !# =( '* � > � ? !6 '* % ' ! ' � + 4 �% $( � '% $

@BA C DA DFE � � �� � � !"# $ =( '* ( # G &( �# � +� !8 H

I � J �# � � +� " + � '% K / @BA C DA LNM L 3 " &( # � 5 2 O 0 2 !6 �# P � % + + &

� !# ' �( # ( # � � �# $( $ � '% & " &( # � +( � % +( * ! ! $ � � '( !) % '* ! $ �

Q � R# � �% � &% ' ! ' � + &(S % !6 &( �# � + �% �( !# ' ! ( # � �% � &% �� � % 4 ' �# � % � '

� ! &' !6 ) !�% ' ! ' � +� � �� � � !"# $

T UV WX Y Z\[] ^_ [` aV ` b ^_ c d e



�� � �� � �� � �� �� �
	 �	 	 � � �� � �

� � ���V ^�V V b [� WV �] Y WV ^� ^� � Y] � Z� ^� � b` ^� �] [ ` c

� � � � ��� [` ` [ Y] X � Y] � Z� ^� � b` ^ � �] [ aV WX Y W� [ Y` W W a ^V � b [ � [� b [� W] � W` c

� � Y] � Z� ^ � � b` ] Y� � ^ W � [ � [ �V Y �� �` V _ � � Y W[ b� _ [ Y` � � [ aV WX b Y W Y � �

V �  [ � WV � Z] � W` Y� b _ [ Y` � �V � Z � [ ![] WV ^� W Y �V � Z Y� � "` _ Y� � #] ^� � [ � Y WV ^� `

V � W ^ Y] ] ^ � � W c

� $ ^ Y  ^V b �V Y` %` [ W] � W` � ` V � Z'& (*) ^� b Y W Y % WX [� _ [ Y` � � [ � Y] � Z� ^� � b`

aV WX � [ _ YV � V � Z'+ (*) ` Y_ �� [ c

� , [ �V � � � Y] � Z� ^� � b [` WV _ Y W[` � � � ^ ^` [� V � Z] � W` Y� b] ^_ � Y�V � Z

^ �` [ �  [ b Y� b � � [ bV ] W[ b � Y W[` c

� -` [ . / W ^ _ [ Y` � � [ Z\[ ^_ [ W�V ] Y� Y] ] [ � W Y� ] [ � ^� 0
1 2 31 465 4 c , [ �V � � � �

_ [ Y` � �V � Z87 " 091 2 31 3;: # c

�=< >? @A BDC E A E? F8G @G HI J ALK MN O EP @A N G @ Q A E? RN Q @ J A S A M @? E? ?

T EUV Q R J S A B G WN R @X N B H

d Y



� ��� � � � �� �� �� �

� Y� Z [ "] _ # 	
 �� [ � Z �

" . [ , # � ^� � � � b Y W Y Y� W[ �

Y� � ^ WX [ �] � W` Y � ��V [ b c

� ^�V b �V � [ ` X ^ a` ` V Z� Y� � [��

ZV ^� c
� @A Q? N U E A B @ B E MN

� J S A B H

/� � ` W[ � � [ Y� & & � . [ ,

V ` � �  [ W ^ [ b 01 2 31 3: c

Energy (MeV)

R
a

n
g

e
 (

c
m

)

28

30

32

34

36

38

40

42

44

46

90 100 110 120 130 140 150

d �



� EP N U E A B @ B E MN � B @ �N R��

N A M W E R @ E T? N G H

. ^_ [� W� _ " . [ , (] # 	


�� [ � Z � " . [ , (] # � ^� � � �

b Y W Y Y� W[ � Y� � ^ WX [ � ] � W`

Y � ��V [ b c

� ^�V b �V � [ ` X ^ a` ` V Z� Y� � [��

ZV ^� c
�  [� W` Y � ^  [ ` V Z� Y� � [ ZV ^�

Y� [ � �  [ W ^ [ b 0
1 2 �1 �

/� � ` W[ � � [ Y� & & � . [ ,

V ` � �  [ W ^ [ b 01 2 31 3: c

Energy (MeV)

M
o

m
e

n
tu

m
 (

M
e

V
/c

)

200

205

210

215

220

225

230

235

240

245

250

90 100 110 120 130 140 150

d �



� � � � � �	 � � � �

-40

-20

0

20

40

60

-40 -20 0 20 40 60

�:



� J� ? @V N ? F @G @ M M� E M M� N U E A B @ B E MN @G B SN M JV A J� A T E UV Q R J S A B�

� SN G M @ J A� � � � � ^` [ a [ b ^& � � [� � [ �V _ [� W` % X ^ a _ Y� � aV � � X Y  [ Y

] Y� bV b Y W[ � � ^_ Y �� ^ a� � Y] � Z� ^� � b` ^� �] [ WX Y WV ` Y` ` V Z� Y� � �V �[ ^� _ ^� [

` V Z� Y� � �V �[ WX Y� WX [ ^ �` [ �  [ b] Y� bV b Y W[�

� A G � N R� 	 


$ X [ ` � _ ^� � Y] � Z� ^� � bV � Y� � ] [ � � ` aV WX � � �� � Z� [ Y W[ � ^� [ � � Y� W ^ WX [] [ � �

] ^� W YV � V � Z WX [ ^ �` [ �  [ b] Y� bV b Y W[ V ` � c � 
 
 c $ X [ ��� ^ � Y �V �V W � WX Y W � c � 
 


] ^� � b � � ^ b �] [ ^� [ ^� _ ^� [ [  [� W` V ` � c � 
 " 	 
 & � � # c

$ X [ � � �] Y� bV b Y W[ V ` _ ^� [ �V � [ � � W ^ � [ b � [ W ^ � Y] � Z� ^� � b WX Y� WX [ W a ^

� 
� 
] Y� bV b Y W[ ` c

/ Y� bV b Y W[ � 
 � 
 � � 
� 
 / � � � �

� � ^ � Y �V �V W � � c � �� � c �+ � c � 

��



� 
� 
 � �  �

� W ^ � � [ b 01 "�� � # �� �� & � �� & � � � & � ��

$ ^ W Y� �] ] [ � W Y� ] [ � � � �+ �� � � � � �+ � � � �+ + � � � � � �+

$ ^ W Y� � Y] � Z� ^� � b � �&  � � � � � � � ) �� � � � )

/ Y� bV b Y W[ � 
� 
 � � 
� 
 / � � � �

� �  � � � � 
 � � �

	 � � � � � � � � � � �  �

� ��
 � Y] � Z� ^� � b ^�] [ � � ] ^� W YV � V � Z] Y� bV b Y W[

� �� 7 � � � � 
 ` V Z� Y� � ^� ] [ � � ] ^� W YV � V � Z] Y� bV b Y W[

� �� Y] ] [ � W Y� ] [

7 
 _ [ Y` � � [ b] [� W� Y�  Y� � [ ^� 01 2 31 465 4 � � Y� ] XV � Z � � Y] WV ^�

	 �� � �  " � �� � � # 
 [  [� W a [V Z X W

�  [� W a [V Z X W 	 � Y� b � � �� � Y` ` � _ [` � . ` V Z� Y� X � � ^ WX [` V ` Y` a [ � � Y`

] Y�] � � Y W[ b � Y] � Z� ^� � b c

��



� Y� Z [ "] _ # 	
 �� [ � Z �

" . [ , # � ^� ] ^_ �V � [ b � 
� 


Y� b � � � b Y W Y Y� W[ � Y� �

^ WX [ �] � W` Y � ��V [ b c

� Y` X [ b �V � [ V ` � 
� 
` V Z� Y�

� [ ZV ^� c
� ^�V b �V � [ V ` � �  �` V Z� Y� � [��

ZV ^� c

Energy (MeV)

R
a

n
g

e
 (

c
m

)

E787/E949 E787 1995-98
E949 2002
Simulation

28

30

32

34

36

38

40

42

44

46

90 100 110 120 130 140 150

��



� � � ��� � �� �� �� � �� 	
 	� � � � � �� � � � ��� � � � � ��� � �

� � � � � � �! �#"$ % & � '( )*+ * ( ,- �/. " 0 + '* �213 4 56 789 :; < �

� = � = � � �?> 0$ %@ . " 0 + '* ; 7 A 0 4B

C D9 8E 5 F 7 5 G 6IH J � = � = �K � �  � 0$ & & 0$ " " � . " 0 + '*

L 8 D9 GM ; M 5 < 5 7 N 7 L ; 7 M ; FO P9 GQ 6E ; < G 6 8 P ; : 8 9 5 R8 7 G

7 L 8 7 L9 8 8 G M R89 : 8E 8 : 8 6 7 R G9 7 G ; 6 N�S G9 8 R 5 P 6 ; <UT < 5O 8

F G 6V P Q 9 ; 7 5 G 6 5 R 0B 0 0 " B

W XY XZ [\] ^ _` � ��� � � � � � � �ba ��cd e X �fg hij kg lm �In c o jf k

p qrs rt ru vrw x y vz {| | { } x yt {~ ���� � �� � ) * - � '- - - ���~� ��t � � z r ��� � z �* )*� * '� � x yt {~ � z r ��� � z �* � *� ' '���



�� ��� �� �� 	 
��  � �  ��� � � �� � � �� � � �� ��� � �� � ��� �

 
10.80.60.40.2-0.2-0.4-0.6-0.8-1-1.2-1.4-1.6

 

1

0.8

0.6

0.4

0.2

-0.2�t r r u |�u r ~ ~ z �� � ����� � � !#" ! ��$ � { v% �u &u � % {t � % ')( t � {u * | r w vr u %t {|

+ {| yr � � {~ z r � � �-, , . �u % rt + {| � � � % � � {~ z � � - * . �u % rt + {| �~ � |� � ��/ ( z r �t r %� v { |

yu vr t % {�u % '� ~ �u v| y �r � /

qr � � + {| ~ ~ z �� , , . � - * . {u � -0 . {t r {~ s t �$ � % z r t $ r {~ yt r $ ru % ~ � 132 45 1 �

6 7 � ~�u � 8 �:9 ; < �9 ; = >9 ; < �

� t � +� �r �? ' ��u � �~� ��t � /

� �



� � � � � �� � �� �  � �  ��� �

� - � - �*� �	� v�$ ? �u r � �� ,� } � - � - /

� - � - �t � 
r v%� �u � � % z s y | |t yu u �u * �rt � � � /
� {t t �� �u * �s � � �t r �� v%� �u �

{~ ~ y$ r ~ $ r {~ yt r $ ru % �s x �$ �� �u * v�u ~� ~ % ru % � � % z �t r �� v%� �u /

��



� �� � � � � � � � � � � � � � �� �  � �  ��� �

� � - � - � {~ { � �t � +r �� y * y ~ % '- - - % �t yu s �t , * � r r 	 ~ � v �u v yt t ru % � � % z

q
 � � � �rt { %� �u � � +rt % zt r r 'r {t ~ � & / � /� � * * ' � � � * * ) �/

� � { +� � � {� r z �t r �? ' x � �� z ' ~� v~ � r � % / ��� v% /� * * * �

� 
 �� � �rt { %� �u ~ { % � � � z {| % r �s �t � � * * ) �� r ? /� * *� �

� � - � - v �$ � | r % r ~ ~ y v vr ~ ~s y | '� � r r 	t yu � � yu /� * *� �/ � � �s yu v %� �u r �� r | |

{u � � - � - �r t s �t $ r � {~ �t r �� v% r �

�� �t � � � ~ {| % � v �u %�u yr t yu u �u * � - � - z {~ ? r r u ~ y? $ � % % r � % � % z r � { %� �u {|

� v� ru vr � � yu � { %� �u

�� u � % z r t ~ % � � �r �� ��� r � �rt � $ r u % % �$ r {~ yt r ��� � � !" ! yu �r t

v �u ~� �rt { %� �u { % � � � �u � { � {u / �� �r v { '��u � �� * z % r � �r t �$ ru % ~ yu �r t

v �u ~� �rt { %� �u { % � � � � {u � � � q � /

� � - � - � u {| ' ~� ~ �s �� � � !" !s �t $ �$ r u % {� � � ��� '-0  r � >�� �u

�t � *t r ~ ~ /

��



�� � �� ��� �� �	� � 
 �� �� ��� �� �� � �� �

�  �t r � z {~ r ~ � { vr % z {u � � � �

� �r ~ ~ | � ~ ~ � yr % � � � �u % r t { v %� �u ~

� � � � �� � �� � � � �0 �  r � � v �t �? r ~

$ �t r �s ��� � � !" ! ~ �r v%t y$

�  {�u ? { v 	 *t � yu �$ r v z {u � ~$ � ~

�� �  �  �s � | | �� r � ? ' � ~ v { % �

% rt �u % {t *r % /

FIBER TARGET

K+

Kaon Hit Fibers

Decay

Pi+

Gamma1

Gamma2 ��



�� � � �� �� ��� 	�

� � 
� 
� � � � �� �� ��� �� �� � � ��� �� �

� ��� � � � � � �� ��� � � ��

� � � �� � �� �� �� � � � �� ! � � �

�� � � �� � " �� # $ �� � % &(' ) � � * � � �

�+ � � �� �, � �� � � � � �� �� �� �� � � �� ��

�� ! , - �� � � � � �� �� . ��/ 0� 1 � ! � � 2

3� � � � 1 � �

4 5 � 0� � !� ! � � 1� 1 � "� � 1 �� � � � � �� !

� � � . � �/ 0� 1 � ! � � 3� � � � 1 � �

6  �� � �� �� � "� � � �� � � + � � � 1� �+ 2

��� 1 "� + � � � � 1� � � �  � !� � $ � # �

4 7 + ��� 1 "� ! �� 0 1� �� � + � � 1 � !� � � �� #

8:9 ; <9 < � � 1 � � 1 $� ! . # <9 �� �� 2

� � � �� � �� 0� � �

K  Beam

Barrel
Veto

T

BVL
Range

RSSC
Endcap

Stack

Collar

DPV

(a)

+

Drift Chamber
I

TargetB4BeO
UPVC

AD

Collar

Total Acceptance

T
ot

al
 R

ej
ec

ti
on

 F
ac

to
r

10 5

10 6

10 7

0.3 0.4 0.5 0.6 0.7 0.8 0.9

=>



�� � �� �� �� ��

� 	 
�� � �� �� � �� �� �� � � � � � �� �� �� � �� � � �� � �� ��

� �� ��  � �� � ��  �� ! � � "� " � !  �# $ % & $ ')( ' � ! � "� � � ! �

* �  �� � �� + ,# $ % & $ ' ' -/. ,102 � � $34 567 64 89 -;: 0 < 73 6 � �� � � �

� � * � "! �� � �  �� � � � � ! � � �� � �

=� � � ��� �� "� � � ! � "� � �! � � "� � � � �� � � � �! � >� ! � � � ? � � � �

	 � �� "� � " � ! �

� �� � !  � @ � "� �� # $ % & $ ')( ' � �� * � * �! � A , & $ -CB 0 �D ? � E FHG

"! 	 � � 
� �� � �

* � �� / � � 1 + #JI KL K � 1 � �� � 0 � �� 1� � �� �� �� � M �� M � � M �� �� 0 � � � � M�� � �� � � �� � 1 � �

* � �� / � �� � 1 � 1 � �� 1 7 � � ! 1� �� 1� � �� N 0 � � � � 1 $ �� 0 � �� �+ M �� � 1�

O P 89 ; <9 Q Q � 1 � � �� 5 � �� �� �� # * � � �� 0 �� �RS



�� �� ��
R�



� �� �� � � ��� 	 �� � �
 � � �� 	 � 
 �� � � 

0

20

40

60

80

100

120

140

160

0 20 40 60 80 100 120 140

0

20

40

60

80

100

120

0 20 40 60 80 100 120 140

-5

0

5

0 20 40 60 80 100 120 140

End 1 (RAW)

End 2 (RAW)

End 1 2P (Raw-Fit)/σ

R
es

id
ua

l

End 2 2P (Raw-Fit)/σ

R
es

id
ua

l

-5

0

5

0 20 40 60 80 100 120 140

R�



� 
 � ���  � �� �  
 � �  �� � � 
� �� � � � � � � � � � �	 
�� � � � � �� � � � � �

0
0.02
0.04
0.06
0.08

2.5 5
0

0.1

0.2

0.3

0 50
0

0.05

0.1

0.15

0.2

-15 0.5 16
0

0.02

0.04

0.06

-3 0 3

0

0.02

0.04

0.06

0.08

0 2
0

0.05

0.1

2.5 5
0

0.1

0.2

0 1000
0

0.1

0.2

0 1000

0

0.02

0.04

0.06

0.08

0 5
0

0.025

0.05

0.075

0.1

0 5
0

0.01

0.02

0.03

0.04

0 20 40
0

0.01

0.02

0.03

0.04

0 20 40

0

0.2

0.4

0.6

0.8

0 1
0

0.02

0.04

0.06

0.08

0 5000 10000
0

0.01

0.02

0.03

0.04

-2.5 0 2.5

emutc1

TD related variables (πscat: blue, Kµ2: red), NTD>1, Tµ<10ns

tmuav1 dt1 zpi-zmu

log10(prod1) log10(cmuend1*cmuend2) cmuend1 cmuend2

emuonc1 emuonc2 epionc1 epionc2

tdvarnn telec dtelec 0.5*(tpion1+tpion2)-trs

0

0.02

0.04

0.06

0 2

��� �� �� � � �� � �� � � �� �� � � � � � � � �� �� � � � �� � �� � � �� � � � ���  ! " � �� �# � ��$ % " �� �� & � �'

� �� � � � � # � �( ) �� � � � � � * � � �� � � �� � � � � �� � � � � ��� � + , - � � � � � � �� � � � �� $  ' �

� � � � � � ) � � � .# �� � / �� � �' �� � � � # � �( ) �� � � � . � �� / � � � � ' � & � � � � ' � � �� � � � � ��$

 ' � � � �� & � � � � � � � � � �' � � � � � � � � � � � � �' � � �� � � � � � � � " �� �$R0



� � � � � � � �� � �� ��

R�



� � � � � � � �� � �� � �

R =


